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Abstract  Most of distr ibution network models uses cost 
minimation as its objective function.  The system which will be 
analyzed in this study is the distr ibution process of 3 kg LPG 
(L iquified Petroleum Gas) in West Sumatra, Indonesia. This 
study will try to develop a dist r ibution model of LPG from the 
agents (distr ibutor) to retailer which represented by the distr ict. 
The distr ibution network model between dist r ibutor and distr icts 
is used to determine the optimal number of distr ibutor , the 
location of the distr ibutor and the covering area of each 
distr ibutor with the objective function is to balance the profit. 
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I.  INTRODUCTION 
The concept of supply chain claims that the distribution is a 
logistic activity that has major effect on the overall system. 
Reference [1] state that almost 25% of the manufacturing cost 
is the cost of distribution, so if it is not managed properly will 
cause a huge cost. The major activities of the distribution 
which is related to the planning process are the allocation of 
plant, warehouse, transportation, capacity allocation and the 
role of each facility.  
Facility location problem which is basic model and is often 
used in the allocation of facilities is fixed charge facility 
location problem. The problem is defined as follows: given a 
certain set of facility location as candidate with the facility 
opening cost parameters at the location while the location and 
costumer demand is determined by the parameters of the 
transportation costs of each candidate to its customers. The 
number of facilities will affect the opening cost. The more 
facilities are opened, the greater are the opening cost but the 
transportation cost needed will be smaller. While the less the 
number of facilities, the less the opening cost will be but the 
transportation cost will be even greater. 
Common model of distribution network design is by 
using cost minimization criteria as objective function. In cases 
where a company has several subsidiaries that serve customers 
in their area, these criteria are difficult to be applied because 
the main focus of the company is to balance the profit earned 
by each of the subsidiaries. An example of this is PT 
PERTAMINA which supplies the LPG. 
PERTAMINA has appointed an agent (distributor) to 
distribute LPG to the community in his working area. PT 
PERTAMINA must determine the number of distributor and 
the area to be served so that the profit earned among the 
distributor is not differ too much. However the performance 
criterion that is used in this research is the balance of profit. 
The profit balance is used to solve common problems, namely 
the price competition among distributor. Since the selling 
price of LPG has been set by the government, then what left to 
be arranged is the allocation of total number of gas bulk which 
must be served by each distributor. It is expected that there is a 
balance of revenues among fellow distributor so the difference 
in price beyond the limit set by the government is no longer 
exist. 
II. FACILITY LOCATION MODEL 
A. Basic Models 
Reference [4] introduced a model of determining the 
location of facilities with an overview of the problem as 
follows. Given set of costumer location with a certain level of 
demand and the set facilities location. If we open the facility 
in one of the locations set, it will cause the fixed cost which is 
called fixed location cost. The occurred variable costs are the 
cost of transportation from each location set to any point in 
customer demand (variable unit cost). The problem is to 
determine the location and delivery policy between each 
facility and its costumers that minimize the total fixed cost and 
the variable cost to meet all costumer demand. Mathematically 
can be written as follows: 
Input and Sets: 
I : Location set of customers, denoted by i 
J : Location set of facility, denoted by j 
hi : Demand in location set of customers i  I 
fj : Fixed cost of facilities allocation in the set candidate  
  j  J 
cij : Unit cost between facilities candidate j   J  
          and costumers location i  I 
Decision Variable 
Xj : 1 if the facility is opened in the set candidatet j  J 
and otherwise 0  
Yij : Total demand in the location i  I which is served by 
the facility j  J 
Balinski in [4] formulates the above notation and problem as 
follows: 
Minimization    !     "        (1)       ....... (1) 
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Constrains: 
  # $                                 (2) 
    %   ;                       (3) 
  %&$                                   (4) 
  %           ;                        (5) 
Objective function (1) is to minimize the total fixed cost 
and variable costs. Constrain (2) is to ensure that any demand 
had been fulfilled, constrain (3) is to ensure that demand will 
be served by the opened facility, constrain (4) explains that the 
decision has binary value and constrain (5) is a non-negative 
constraint.  
B. Model Development 
The undertaken model development is defined as follows. 
Given some set of costumer location with a known certain 
level of demand and set of facilities location. Revenue is 
defined as the difference between the total income received by 
each distributor and the total cost. The total cost are the cost of 
purchasing, cost of establishing the location (fixed location 
cost) and the cost of transportation from each location set to 
every point of customer demand (variable unit cost). The 
problem is to determine the location and delivery policy 
between each facility and costumer that will balance the total 
revenue to meet all costumer demand.  
First defined t	 
as the range between the specified huge value (M / ideal point) 
and the profit value of each distributor. The profit balance can 
be written into mathematical notation, namely minimizing the 
total value of each   
  
 	
written as follows: 

 # 	  
                        (6) 
So the objective function is: 
Minimization : 
  
#$                        (7) 
  	  
#$                      (8) 
	   ""'(  "'( !  ""#$ " !  "#$  )(#$   
               (9) 
Constrains: 
  =  #$ " "for j = 1, 2, 3, ..... m                    10) 
  # $#$       for k = 1, 2, 3, ..... n                       (11) 
    %      for j = 1, 2, ... m, k = 1, 2, ... n     (12) 
 "& ""%&$   and    integer                                  (13) 
The following mathematical notation is used. 
J = Facility set, denoted by j 
K  = Costumers set, denoted by k 
   = Customers demand at district k 
   = Distance between distributor and customers k 
  = Cost of opening facility 
 = Transportation cost/km/unit of costumers-facility 
 = Purchasing cost   
 = Selling cost 
   = 1 if the facility j serves district k, otherwise 0 
   = 1 if the facility is established in k, otherwise 0 
   = Total number of demand served by the facility j 
 
Total Revenue  (TR),  
  = "'(    j  J       (14) 
Total Purchasing Cost (TPC)   

  = "'(    j  J       (15) 
Total Fixed Cost (TFC)    
  =  ""#$ "    j  J       (16) 
Total Transportation Cost (TTC)  
  =  "#$  "  j  J       (17) 
Total demand j  
  =  #$ " "   j  J       (18) 
Profit (P) 

 #   
 !  !   j  J       (19) 
So the mathematical formula of profit earned by the 
distributor can be defined as follows: 
Profit = "'(  "'( !  ""#$ " !  "#$   (20) 
III. CASE STUDY 
The system will be analyzed is the distribution of LPG from 
distributor to the retailer in South Solok Regency. This 
regency has seven districts and demand of each district as 
follows: 
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TABLE I.  DEMAND OF LPG IN SOUTH SOLOK REGENCY 
Distr ict Demand (unit) 
1 11063 
2 3341 
3 4551 
4 3769 
5 8225 
6 4307 
7 6515 
Parameters: 
 Transportation cost  : 100 IDR/unit/km 
 Fixed cost   : 10,000.000 IDR/month 
 Purchasing cost   : 11.250 IDR/month  
 Selling price   : 12.750 IDR/month.  
The distance between district in South Solok Regency as 
the Table II, 
TABLE II.  DISTANCE MATRIKS (KILOMETERS) 
  1 2 3 4 5 6 7 
1 0 -  -  -  -  -  -  
2 20 0 -  -  -  -  -  
3 25 20 0 -  -  -  -  
4 40 20 20 0 -  -  -  
5 25 20 38 33 0 -  -  
6 15 20 33 28 14 0 -  
7 30 20 45 25 19 37 0 
 
The calculation is conducted by using Lingo 9.0 and the 
results show the total number of distributor, location and 
covering area as follow: 
TABLE III.  DISTRIBUTORS COVERING AREA 
Distr ibutor Location Cover ing A rea Profit (IDR) 
1 District 1 District 1and 3 4.319.000 
2 District 5 District 2, 4, 5, 6,7 4.033.800 
 
Profit both of distributor is 285.200 IDR and the results 
of the calculation as Table III above can be illustrated in the 
form of distributor covering areas as in Figure 1 below. 
 
Figure 1.  Illustrated of  Distributors Covering Area in South Solok Regency 
IV. ANALYSIS 
The analysis was conducted by comparing the basic model 
(Facility Location Model with Objective Function to Minimize 
Cost) with the developed model (Facility Location Model with 
Objective Function to Balance Profit). Here are the results 
obtained from the comparison of both models. 
TABLE IV.  THE CALCULATION OF BASIC MODEL 
Distr ibutor Locations Cover ing A rea 
1 District 1 District 1, 3 
2 District 5 District 2, 4, 5, 6, 7 
 
From the Table IV, we can calculate the total cost by  
using eqution (15), (16), (17) and (20) is 56.000.100 IDR and  
Profit is 285.200 IDR.  
TABLE V.  THE CALCULATION OF DEVELOPED MODEL 
Distr ibutor Location Cover ing A rea 
1 District 1 District 1 
2 District 3 District 3, 4 
3 District 5 District 2, 5, 6, 7 
 
From the Table V, the total cost by  using eqution (15), 
(16), (17) and (20) is 26.909.900 IDR and  Profit is 
10.221.687 IDR. 
From the above calculation can be seen the difference 
between the two models. In detail, the differences in the 
calculation of both models are described as follows 
 The number of distributor that will be opened when 
using the developed model is two distributor, while 
by basic model  is three distributor. 
 The difference in the number of distributor that will 
be opened resulting in the difference of covering the 
area of each distributor. 
 The developed model will result in a total cost of. 
56.565.100 IDR, greater than basic model of. 
26.909.900 IDR. The developed model will result in 
profit differences of 285.200 IDR, smaller than the 
basic model of. 10.221.687 IDR.  
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V. CONCLUTION 
Designing the distribution network model depends on the 
objective to be achieved, cost minimization objective function 
will result in a smaller total cost, but the profit earned is not 
balanced. The model with the objective function profit balance 
will result in a more balanced profit, but the total cost will be 
higher .  
Further research can be done by adding other factors such 
as inventory issues, transportation and some other variables to 
calculate how much gas bulk circulating in the community. In 
addition, this model can be used by PT PERTAMINA and the 
government as a consideration for policy-making such as to 
determine the amount of subsidy to be budgeted. 
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